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STUDY OF THE DEFORMATION OF CER-~VIT IN RESPONSE TO
ELECTRONIC IRRADIATION

J. Bourrieau and M, Romero
Toulouse Study and Research Center
Department of Space Technology Study and Research

I. Introduction

When a material -- a component -- is sent into space, during / ¥
passage through the magnetosphere it is exposed to radiation which
may alter it. Thus an attempt must first be made to determine
that it is satisfactorily resistant to irradiation on the ground.

This apparently simple reasoning actually raises a complex
question, that of the procedure which should be used to obtain
maximum certainty as to the validity of the simulation.

The irradiation actually undergone by the satellite in space
has the following characteristics:

-~ several types of radiation (electrons, protons, UV, etc.)
are received simultaneously, each of these being multi-energetic
and omnidirectional;

-« flux levels are low;

-- temperature conditions are established by the satellite;

-~ the ambient medium is a vacuum, or, worse, residues from
degassing.

¥Slash marks in the margin indicate a new page in the foreign text.



At the present time it is Impossible to obtain all these
conditions in the laboratory, either for reasons of time (missions
lasting for a perilod on the order of a year, thus making it
necessary to increase the flux level by a factor of 103 to 105 for
simulation), material (the difficulty of simultaneously producing
different types of radiation, and the frequent impossibility

of keeping to their intensity ratios and thelr energy spectra)
angd cost.

The simplest type of laboratory irradiation is obtained with
asccelerators, and thus with monodirectional and mono-energetic
radiation with arelatively high flux level.

Some of the previously described conditions may be obtained,
for example:

-— low flux level and proper energy spectrum, by using a
Sr90 source which is useful for reproducing the background noise
produced by electrons in the detectors; ’

-— the multidirectional aspect, with the use of an appropriate
rotating device;

-~ simultaneity of several types of irradiation;

-- in situ measurements, preventing possible recovery upon
exposure to the air.

Nevertheless the simulation will not be perfect, since it
will not reproduce the space environment exactly. Consequently,
in order to choose the parameters which will define the most rep-
resentative whole (that is, which will produce degradation
analogous to that occurring in space) and if possible, the least
costly conditions, it is necessary to have a fairly accurate idea of
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the influence of the factors which are overlooked, and thus,
finally, the physical phenomena which may be brought into play.

The problem of simulation occurs in two types of situations.

The first i1s the situation when the mission has been defined,
“he shape of the satellite determined, and a material or component
selected. The experiment to be performed consists in testing the
strength of this material or component under well-defined condi-
tions; it includes the following preliminary steps:

-— calculation of the environmental flux of protons, elec-
trons, ete. [1];

-- calculation of the enviromment inside the space vehicle
[27;

-- analyslis of the type of degradation which may be predicted;
~—- 1f necessary, the performance of small adjustments to
ascertain that the parameters assumed to be negligible actually
are negligible;
prior to the irradiation per se.
The second situation is that of testing a material, independent
of the mission defined, or comparison of this material with other
materials.

The series of steps is summarized in Table 1.

The following discussion will show how a specific case has
been handled: the problem of the CER-VIT mirror of the Meteosat.



2. Study of CER-VIT
2.1. Analysis of Problem

Since irradiation of CER-VIT support gratings showed that
tris material degraded, the problem of the Meteosat mirror arose.

-

Zre problem was analyzed in the following manner:

-- The degradation to be studied is significant only if it
occurs in depth; the radiation to be used therefore consists of
e.ectrons with energy on the order of a MeV;

-~ No synergic effects may be expected, since the photons are
urable to reach the protectively coated material when it is used
a: a mount for the mirror, and protons do not penetrate to a
sufficient depth. '

These are the positive points, to which one might add the
fcllowlng reasoning, which moreover is a simple assumption:

-~ The optical properties are of no importance, and only
deformation is a problem. This deformation can only be related
the displacement of atoms, which in covalent crystals i1s generally
rroduced only by impacts; it is logical to assume that few secon-
dzry processes will be brought into play, and thus the irradiation
mzy be expected to remain simple.

However, this is only an assumption at this stage of the
szudy, and the negative points are as follows:

-- The influence of the energy, the dose rate and the
temperature are unknown;

-- It is impossible to perform the entire series of tests on
a full-size structure analogous to the actual mirror (40 cm in



diameter).

It was therefore decided to perform a preliminary study on
the material itself, independent of the form it will be used to
coat, in order to assess the influence of the various irradiation
rarameters and to figure its degradation.

2.2. Degradation of CER-VIT in Response to Electronic Irradia-
tion

The samples used for the tests were disks 40 mm in diameter
znd 8 mm thick.

During the irradiation they were placed on a cooled
nolder.

The deformation was measured by photogﬂaphically recording
the interference fringes formed within the wedge of air created
setween the irradiated sample and a control (Fig. 1). The light
source was a 6328 R laser.

In addition, variations in the system of fringes as a function /_
of the storage time after irradiation were monitored at various
temperatures in order to determine and accelerate possible re-
covery processes.

2.2.1. Depth of Coloration

The darkening of the irradiated area made it possible to
measure its depth, which varied as a function of the energy of
the incident electrons; here this was 0.47 MeV, 0.87 MeV and
1,37 MeV.

This thickness was also calculated by means of a program [2],
taking multiple scattering into account.



The results are summarized in Table 2,

2.2.2. Degradation Curves at Various Energy Levels

The deformation was parabolic in shape for completely
irradiated CER-VIT blocks (Fig. 2). Fig. 3 shows the amplitude
c? the deformation as a function of the flux received at various
e_zctron energy levels (1.37, 0.87 and 0.47 MeV) and at a fixed
f_ux level (5-1011 e /em™%/sec™ L),

This deformation actually consisted in the appearance of
& concavity, which was controlled by determining the direction of
¢isplacement of the fringes and by using a microscope with a

i}

s=ort depth of field. The material contracted in response to
e_ectron irradiation; this behavior may be compared with that of
vitreous silica, whose density increases under irradiation [3].

The deformation increases with the energy of the incident
rzrticles. It reaches an amplitude in the vicinity of 3 um for
1216 electrons of 1.37 MeV per cm2, and is negligible for electrons

t? less than 0.5 MeV.

2.2.3., Influence of Flux Level

The irradiation was performed with a flux level of 7-1010

e'/cm2/sec and an energy level of 1.37 MeV; the results were com-
rzrable to those previously obtained. The factor of 10 on the flux
lsvel did not produce any difference in the amplitude of the
degradation.

2.2.4, Influence of Annealing

Several samples stored at the ambient temperature for three
wzeks were measured at increasing time intervals. No varilations
wezre oObserved.
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The recoyery which usually occurs when irradiated glass is /[
heated to high temperatures was also obtained with CER-VIT (Fig.
b)Y, The decrease in deformation occurred in conjunction with a
disappearance of color from the material, which,after 4 hrs at
450°C, returned to its initial condition.

2.2.5. Interpretation of Results

Deformation was observed, since the upper part of the disk
contracted in response to irradiation, while the lower part re-
mained unaffected.

In order to assess the order of magnitude of the deformation
coefficient, the method chosen was to put the block in the form of
a bimetal disk [4]. In order to use the equations for the strength
of materials to handle this problem, it was necessary to set up
two hypotheses (which obviously were at least partly false):

~~- The disk is assumed to be thin (here, 8 mm, a negligible
quantity in comparison to 40 mm);

-~ The degradation is assumed uniform throughout the irradiated
part, as is the mean linear contraction coefficient.

With the deformed part y(r), one finds [4]:

y=dl -8 B1_(b-h1) xf;
5 T-e h2 h )

where y represents the deformed part, r the current point on the
radius, h the thickness of the disk, and hl the irradiated thick-
ness.

Application of this formula to the results obtained for the
energy levels 1.37 and 0.84 MeV furnishes the curve for the linear
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contraction coefficient as a function of the density of absorbed
energy, which is given in Fig. 5.

It may be seen that as long as the accuracy of the results
and calculations is sufficient, the energy of the particle becomes
significant only as a function of the depth of penetration, which
is a factor which can easily be computed [2] and taken into ac-
count.

Since the assumptions made for the computations were obviously
false, while it was impossible to determine the extent of their
inaccuracy, a more direct experiment was performed. This consist-
ed in using a CER-VIT sample in the form of a bar 40 mm long and
with a cross-sectional area of U mm2. Irradiation with electrons
of 1.37 MeV supplied a dose distribution which, although not
uniform, did cover the entire sample. The linear contraction was

obtained directly for a flux of 2-101° e™/cm°.

Measurement yielded a coefficient:

a = 3.5-10—4

while the preceding calculations had predicted:

a = 1.5~10'u.

The order of magnitude was thus found to be the same (which is
satisfactory for computation of the strength of materials and
with the assumptions made in this case).

2.3. Irradiation of CER-VIT Mount 40 em in Diameter

On the basis of the preceding results, it was possible to
determine the irradiation parameters (energy and flux level) for
irradiation of the complete device.
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The shape of the mirror mount reserved for this purpose was
not the same as that finally used. The outer and inner circum-
“erence of the mount was stiffened by two skirts 10 mm thick and
“0 mm high. This structure was highly resistant to deformation:
=3ing the terms for strength of materials with reference to a
“hermocouple embedded at its periphery, i1t may be seen that the
simultaneous production of deformation due to contraction and
ieformation due to the moment produced by the embedding yields a
zero result as long as the embedding prevails, even though sig-
nificant internal stresses are developed as a consequence.

On the other hand, it is extremely difficult to quantify this
jualitative analysis, that is, to assess the extent to which
stiffness may be obtained by embedding.

Measurements of the possible degradation were performed by
recording a foucaultgram of the surface with its coating (Photo-
zraph 2, Ref. [6]1).

No deformation was observed, even for the maximum flux of
5.1014 e with 1.37 MeV per square centimeter.

However, a new problem resulted from this irradiation. It
appears that, to the extent that the presence of metallization
permits an assessment of this phenomenon, the darkening of this
nirror may be less significant than that observed in the control
samples during the same irradiation. This raises the question of
the reproducibility of the behavior of the material as a function
of the casting processes it has undergone. However, we have had
neither a confirmation nor a denial of this coloration, since to
sur knowledge the requestor has not yet proceeded with demetal-
lization of the mirror.

Even if the deformation of the mirror is not significant, due
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to its structure, the existence of a high contraction coefficient
in response to irradiation will produce stresses within the
material. Further research is therefore under way to test other
materials such as Vercdur (whose behavior appears to be very
similar) and silica.

The physical interpretation which we will suggest, for lack
of any proven explanation, is the so~-called "sandpile" explanation:
that is, that the effect of the radiation is to decrease the gaps
present in these vitreous structures, in the same as one may de-
crease the volume of a pile of sand by vibrating it. We were led
to this interpretation by the behavior of vitreous or crystallized
silica in response to neutron irradiation [3].

This study has led to the following ccnclusions:

-~ First, that the risk of degradation by irradiation does
exist, even for a material initially believed to be relatively
solid and functioning only for support;

-~ That the problem of simulation is a complex one; this, of
course, is because the phenomena themselves are complex, but
especially because there have been no previous experiments in this
area.

On the basis of these observations, satisfactory qualifica-

tion of a material or component may be considered to include the:
following steps:

—-—~ A general preliminary study of the material or component
conducted experimentally or on the basis of previously acqguired
information; the initial purpose of this study would be to assess
tbe influence of the various parameters and to subject the material
or component to a more or less complex irradiation representing

10



adaptation to a "standard mission"; in addition this study would
permit comparison with other components of the same type, making
it possible to choose among them; this is the "test" or "choice"

irradiation;

-—- Second, when this material or component has been chosen
for a specific mission, if the preceding study has not been suf-
ficient, due to the order of magnitude, the dose, too limited a
sensitivity, the nature of the structure assigned to a component
composed of a material which has already been studied, or any
other reasons, an irradiation may be performed using more ac-

curately computed parameters; this will be the actual "qualifying"

irradiation.
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g. Calculations: space environment; environment within
vehicle. :

h. Choice of conditions.

i. Production of irradiation.

TABLE 2
Energy Depth of Computed Electron
(MeV) Coloration (mm) 28Rt (mm) Paths (mm)
0.47 0.4 » 0.5 0.7
0.87 1.35 1.3 1.8
1.37 2.35 2.3 -
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Key: a. Scatterer.
b. Semi-transparent
strip.
c. Reference.
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(a) Prior to irradiation. (b) After 10 e/cm2 (energy 1.37

MeV).

Photograph 1 (a and b). Deformation of the system of fringes
obtained with a CER-VIT block 40 mm in diameter and 8 mm thick.

14 2

(a) Prior to irradiation. (b) After 5-107 " e/cm ° (energy

1.37 MeV).

Photograph 2 (a and b). Foucaultgrams obtained with a CER-VIT
mirror 400 mm in diameter.
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